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One of the restrictions to the wide application of light-weight magne-
sium alloys in the auto and aircraft industries is caused by the quite high 
manufacturing cost of magnesium parts. Using semi-solid processing, which 
may also result in improving material properties, can reduce this cost. Usu-
ally semi-solid molding in a ThixomoldingR machine uses magnesium chips 
produced by grinding alloy ingot. The shape of such chips is not optimum 
for the Thixomoulding process and their micorstructure should resemble the 
microstructure of the ingots from which they are made. An alternative 
method to produce Mg alloy granule feedstock for ThixomoldingR is by the 
impulse atomization (IA) process [1]. IA enables the production of granules 
of a wide range of metals and alloys in a controlled atmosphere with cool-
ing rates that ensure rapid solidification.  Before proceeding with the semi-
solid moulding of such IA granules, their microstructure and properties 
were evaluated in order to understand the potential effects on the semi-solid 
process and the parts that would be produced, and the first results of inves-
tigation were presented in [2].  
AZ91E alloy (Mg - 9% Al-1% Zn) granules generated by IA were 
made in different 3 size ranges:  4.8-6.3 mm (1), 6.3-6.7 mm (2) and 6.7-
8.0 mm (3) – all granules were quenched in water at the end of solidifica-
tion. A fourth group (4) of granules of  6.0-8.0 mm were cooled on a ro-
tary plate (rather than a water quench). Samples, taken from a centre slice of 
a 5 kg AZ91E ingot, typical of the alloy of the chips actually used, were 
evaluated for comparison. IA techniques for producing atomized magne-
sium alloy granules were developed and Mg granules for this research were 
produced at the University of Alberta (Dr. H. Henein), Canada. The Project 
was financially supported by AUTO-21 Program. 
It was found [2] that rapid solidification of Mg alloy granules gener-
ated by impulse atomization produces a uniform and very fine microstruc-
ture (7 times smaller the dendritic arm spacing than in the ingot) without the 
metallurgical defects typical of coarse as-cast structures. The main micro-
structural constituents defined by SEM and microprobe analysis (EPMA) 
are a Mg -phase matrix, a dendritic network of a Mg-Al intermetallic 
phase and a small amount of fine Mn/Al particles in both the granules gen-
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erated by IA and in alloy ingot. In the present work, identification of micro-
structural phases in the granules and ingots was made by comparison of the 
microprobe experimental results with the ternary phase diagrams available 
in the literature. Element contents (in atomic percent) of phases were plotted 
on the isothermal sections at 335oC  (lower than eutectic temperature 
437oC) and liquidus projection of the Al-Mg-Zn system [3] for major mi-
crostructural constituents, and on the Al-Mg-Mn phase diagram [4] for fine 
intermetallic particles. 
The results of the EPMA analysis of atomized granules show that the 
composition of the Mg matrix and dendritic Mg-Al phase are all situated at 
the binary Mg-Al region of the phase diagram (Fig. 1a) (IA sample 1). The 
composition of the matrix perfectly corresponds to the ternary extension of 
the Mg solid solution (Fig.1a-top) and its morphology corresponds to the 
primary solidification phase. The comparison of the Mg matrices in all IA 
granules demonstrates that Mg solid solutions have the same compositions 
and ternary extension for all IA samples as well as for the ingot (Fig. 1b). In 
atomized granules, the continuous dendritic Mg-Al phase that is quite often 
defined in the literature for AZ91 alloy as -phase or Mg17Al12 intermetal-
lics, does not appear in our experiments as a bulky single phase. Fig. 1a-
bottom indicates that this microstructural constituent belongs to the eutectic 
region. SEM microscopy also shows a complicated morphology of these 
areas of microstructure consisting likely of the fine eutectic of the -phase 
and islands of Mg -phase inside  dendrites [2]. Comparison of the EPMA 
results of this eutectic in IA samples 1-4 shows that its location is the same 
and corresponds to the binary Mg-Al eutectic at av. 69 at.% Mg. In the in-
got (Fig. 1b), the dendritic -phase obviously forms during the eutectic reac-
tion when the retained liquid transforms to the mixture of Mg solid solution 
and completely separated  compound (a divorced form of eutectic) [2]. In 
addition, large areas of lamellar eutectic, consisting of alternating layers of 
Mg –phase and Mg-Al intermetallics, form around dendritic -phase pre-
cipitates. According to EPMA data, the lamellar eutectic in the ingot con-
tains three times lower Al% than dendritic Mg-Al phase in atomized gran-
ules and dendritic -phase in the ingot. Compared to large dendrites of -
phase in the ingot, the eutectic areas in the granules contain lower Al% 
(about 25-30%) and lower Zn%. The latter is another indication that Mg-Al 
dendrites in the ingot and atomized granules are the different microstruc-
tural constituents, although visually they appear to be somewhat similar (-
phase in the ingot and eutectic in granules). 
Element contents of Mn/Al particles defined by EPMA were plotted 
on the isothermal section at (400oC) of Al-Mg-Mn phase diagram and 
marked as green upside down triangles (Fig. 2). Red arrows starting at the 
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Mg matrix composition delineate the areas with particle composition sym-
bols. According to the phase diagram, Mn-Al particles in all granules may 
be either Al8Mn5 or Al11Mn4 phases. Microprobe analysis also shows a high 
content of Mg in the Mn-Al precipitates that obviously was picked up from 
the background (Mg-matrix) because of small size of particles  (1-2 m). 
This causes the shift of composition symbols toward the Mg-corner on the 
phase diagram (Fig. 2a). In the as-cast microstructure (ingot), particles are 
much larger (5-8 m) than in granules exceeding the diameter of electron 
beam for the EPMA test. As a result, the test does not indicate the presence 
of Mg in Mn-Al particles and corresponds to the Al8Mn5 phase (Fig. 2b). It 
may be assumed that in IA granules and ingot microstructures, small Mn-Al 
particles are Al8Mn5 phase formed from the liquid before solidification.   
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Fig. 1. - IA sample 1 (a) and the ingot (b) on isothermal section at 
335oC (top) and liquidus surface (bottom) of the Al-Mg-Zn system. 
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Fig. 2. - Al-Mg-Mn diagram. Isothermal section at 400oC. IA sample 1 
(a) and the ingot (b). 
Conclusions 
Comparison of the microprobe experimental results for the IA granules 
and ingot with known Al-Mg-Zn phase diagrams showed that the composi-
tions of Mg matrix and dendritic Mg-Al phase are all situated at the binary 
Mg-Al region of the phase diagram. The major microstructural phases in the 
atomized granules and in as-cast ingot are –phase (solid solution of Al in 
Mg) and -phase (Mg-Al intermetallics). But the microstructural constitu-
ents in the atomized granules may differ in both composition and morphol-
ogy from those of the ingot.  The Mg matrix has the same composition and 
ternary extension for all atomized granules and for the ingot. The dendritic 
Mg-Al phase in the ingot is the intermetallic -phase. In atomized granules, 
the continuous dendritic Mg-Al phase belongs to the eutectic region. Its 
location on the AL-Mg-Zn phase diagram is the same for all IA modes and 
corresponds to the binary Mg-Al eutectic at average 69 at. %. The composi-
tion of the lamellar eutectic observed only in the ingot is shifted towards 
Mg on the phase diagram. In addition, small Mn-Al particles found in the 
atomized granules and ingot were identified as Al8Mn5 compound according 
to Al-Mg-Mn phase diagram. 
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The machining of high-carbon 
alloys (tool steels, alloyed cast irons) is 
preceded by their preliminary softening 
heat treatment. During execution of such 
treatment the decarburization and 
oxidation take place effecting on prop-
erties of surface layers subjected to 
cutting. It was of interest to assess the 
influence of prolonged high temperature 
exposures on structural changes in the 
surface layers of the white cast iron, 
alloyed by 14,55 % Cr. The soaking time 
at 1000, 1050, 1100 and 1150 oC was 1, 
2, 4, 6, 8 hours. After soaking the 
microstructructural study of samples was carried out. 
It was found that despite the increased rised temperature corrosion re-
sistance due to high chromium content the processes of oxidation and de-
carburization rapidly flow in the surface layers of iron. That was proved by 
decreasing of eutectic carbides amount as you move from the center to the 
surface of the samples. At the same time the form of eutectic carbides 
changes: the channel-like holes appear inside carbides, the decreasing of 
carbides size and their number reducing take place (Fig. 1). 
At the very surface some places completely free of carbides could be 
observed. The microstructural changes described were accompanied by in-
creasing of chromium content in the matrix. After heat etching the differ-
